Compliance with methadone maintenance treatment (MMT) in China is poor.
Introduction
Heroin is the main drug of abuse in China: 0.978 million of the 1.335 million drug addicts registered by the national public security system in China (73.2%) are addicted to heroin [1] . To address this problem the Ministry of Health, the Ministry of Public Security and the State Food and Drug Administration jointly run a Methadone Maintenance Treatment (MMT) program that included 668 clinics in 27 provinces by the end of 2010. Since the program started in March 2004, 236 000 individuals have received treatment and 110 000 have been stabilized [2] . In Shanghai there were over 40 000 registered drug addicts by the end of 2010 but the MMT program (which started in September 2006) only has 14 clinics that have treated a total of 5 000 patients among whom only 2 000 had been stabilized on daily methadone maintenance. Thus, despite government efforts in this area, the coverage of the MMT programs is quite limited and the retention of individuals who get into the programs is poor [2] . Previous studies identified potential reasons for the poor results of MMT in China: the relatively low dosages of methadone employed, the inconvenience for patients, concerns of patients about being supervised by public security personnel, and so forth [3, 4] . Another possible reason for the poor retention and compliance in MMT programs in China is the lack of systematic social and psychological interventions as adjunctive treatments for MMT. Studies in other countries report that contingency management (CM), one of the most frequently used psychosocial intervention methods for patients with schizophrenia [5] , is helpful for increasing retention and compliance to MMT programs. This technique uses behavioral reinforcement techniques based on Skinner's Operational Conditioned Reflex theory and "reinforced contingency" principle. Several studies in other countries involving the "goldfish bowl" ballot method of CM find that this version of CM is relatively easy and economical to implement and has good results [6] . The present study is a randomized controlled trail that assesses the benefit of adjunctive CM using the goldfish bowl ballot method in improving the retention and efficacy of MMT in Shanghai. We hypothesize that a 12-week CM intervention will significantly increase the retention and compliance of patients enrolled in a standardized MMT program.
Subjects and methods
The results presented are part of the China-United States cooperation project entitled "Research about improving the compliance and efficacy of methadone maintenance treatment in China" that was approved by the ethics committee of the University of California at Los Angeles (UCLA IRB #: G08-03-087-01).
Subjects
Based on outpatient records of the MMT programs in Shanghai we estimated that the retention rate in these programs is about 40%. Other reports suggest that CM can result in a 30% improvement in retention [7] [8] [9] . Assuming α=0.05 and β=0.10, the sample size required for comparing rates of retention in two groups (treatment as usual group vs. intervention group) is 80 subjects per group [10] .
The enrollment and follow-up of patients is shown in Figure 1 . Newly enrolled clients at three MMT clinics in the Xuhui, Yangpu and Hongkou Districts of Shanghai from April 2009 to January 2010 who provided written Figure 1 . Flowchart of enrollment and follow-up of subjects in the study informed consent, met DSM-IV criteria for heroin dependence, had no other serious mental disorders and had not received MMT treatment in the last six months were enrolled in the study.
T h e d i a g n o s i s o f h e r o i n d e p e n d e n c e w a s determined by a psychiatrist who administered the Mini International Neuropsychiatric Interview [11, 12] . After fully explaining the project, eligible subjects were asked to provide written content. Those that consented were randomized using simple randomization tables for each of the three sites generated by the SPSS software package (SEED: 210002); 80 subjects were assigned to the treatment as usual group (MMT) and 80 to the intervention group (MMT+CM). Prior to assignment the evaluating clinicians were blind to the potential assignment of each patient.
Intervention methods and procedures
The standardized MMT involved daily visits to the clinic, administration of methadone in the clinic at the dosage determined by the treating physician (based on the client's condition), regular urine and blood testing, and monitoring in the community by specialized drug-monitoring social workers. The cost of this treatment was 10 Chinese Yuan ($1.60 US) per visit, for a maximum of 300 Chinese Yuan ($48 US) per month. None of the health insurance packages available in Shanghai cover this cost so the clients had to pay this fee themselves. (The mean per capita income in Shanghai at the time was 3 898 Chinese Yuan per month.) All clinic visits were recorded and urines were tested for opiates weekly for the first 12 weeks and then at week 16, 20 and 24 after initiation of treatment. The results of the drug tests were discussed with the clients who were encouraged to utilize the MMT treatments regularly and to keep their urine results negative.
The intervention group received the standardized MMT described above and simultaneously received a 12-week behavior contingency management intervention. Small financial rewards (that could be used to pay the daily MMT cost or, less commonly, were converted into daily necessities like shampoo, towels, etc.) were provided based on an algorithm developed by the Yunan Province Drug Abuse Institute and computerized by the current research team. Patients participated in raffles, with the winner of the raffle receiving a reward. The size of the reward and/or the number of drawings an individuals could make increased based on the number of times the client continuously received MMT or had sequential negative urine drug tests. After each urine test the results were discussed with the subject and motivational interviewing methods were used to encourage continued participation and compliance with the MMT program. The average value of the total awards provided to intervention group clients over the 12 weeks was 527 Chinese Yuan ($83.60 US) and the range in value was from 342 to 2 745
Chinese Yuan ($54.30 US~$435.80 US).
Evaluation of the severity of addiction
A Chinese translation of the Addiction Severity Index (ASI) that has good reliability and validity in China [13, 14] was used to assess the severity of addiction at enrollment and at weeks 4, 12 and 24 after enrollment. This is an 55-item scale that assesses seven dimensions of addiction: physical condition, employment status, drug usage, alcohol abuse, criminal activities, family relationships, and mental status. The scale, which takes about 30 minutes to complete, was administered by interviewers who were trained in the administration of the scale prior to the start of the study. A complex algorithm is applied to the scores of the 55 items in the scale to compute composite scores (between 0 and 1, with higher scores representing more severe addiction) for each of the seven dimensions [15] . Studies in other countries find that the ASI has good reliability and validity [16] . The reliability and validity of the Chinese version of the instrument has also been assessed [14] . The internal consistency of the seven dimensions was judged to be acceptable (alpha=0.44~0.79), the testretest reliability was good (ICC=0.68~0.84), and the inter-rater reliability was good (ICC=0.87~0.98).
To minimize the risk of biased results, as much as possible the persons who conducted the urine tests and completed the evaluation of the ASI were different from those who provided the CM intervention. But subjects may talk about the CM intervention during the assessment so it was not possible to completely 'blind' the evaluators to the treatment group of the subjects.
Statistical methods
'Retention' was defined as the number of days over the first 12 weeks of treatment that the subject attended the clinic and received methadone. Compliance (i.e.,remaining drug-free) was defined in two ways: the longest continuous period (in weeks) of negative urine tests in the first 12-weeks of treatment and the total number of negative urine tests over the first 12 weeks of treatment. An intention to treat (ITT) analysis was employed so subjects who dropped out of the MMT or did not appear for the urine tests were assumed to have positive urine tests. The seven dimension scores of the ASI were used as secondary measures of efficacy. An ITT analysis was NOT used for the analysis of ASI results because most persons who dropped out of the program did so because they had started taking drugs again and were remanded to a compulsory treatment facility; it was not, therefore, considered appropriate to use their last ASI result (when they were drug free) to impute subsequent results.
Statistical analyses were conducted using version 15.0 of the SPSS software package. Chi-square tests and t-tests were used to compare characteristics of the members of the two groups. Survival analyses with 'dropout' as the outcome measure (defined as seven consecutive days without methadone) were used to compare the compliance with MMT between the two groups at both 12 weeks and 24 weeks. Backwards stepwise logistic regression was used to identify those factors associated with dropping out from MMT. Analysis of covariance was used to compare the longest retention of drug-free status between the groups. Generalized Estimating Equations (GEE) were used to compare changes in the seven ASI dimension scores over the four time periods (baseline and at weeks 4, 12 and 24).
Results

Characteristics of the subjects
The basic characteristics of the 160 enrolled subjects are shown in Table 1 . Almost 80% were male. They had started abusing drugs in their late twenties and had, on average, a nine-year history of abuse. Most of them had had prior mandatory treatments for abuse and 41 (25.6%) had spent time in prison for criminal offenses. Despite the random assignment to groups, subjects in the intervention group were more likely to be divorced or separated, to have a later age of onset of drug abuse and to have a shorter duration of drug abuse than subjects in the treatment as usual group; these three variables were adjusted for in the subsequent analyses.
Retention in MMT treatment
At the end of 12 weeks 69 subjects (86.2%) in the MMT group remained in treatment and 70 subjects (87.5%) in the MMT+CM group remained in treatment (χ 2 =0.05, df=1, p=0.819; power=59%). The survival plot for compliance with MMT treatment of the two groups Figure 2 . Over the first 12 weeks the mean (SD) days of remaining in the program in the MMT and MMT+CM groups were 71.0 (2.7) days and 70.0 (2.9) days, respectively (survival analysis: log-rank χ 2 =0.29, p=0.590, power=54%).
By the end of 24 weeks of treatment 62 subjects (77.5%) in the MMT group and 63 subjects (78.8%) in the MMT+CM group remained in treatment (χ 2 =0.04, df=1, p=0.848, power=54%). Over the entire 24-week period the mean days of remaining in the program in the MMT and MMT+CM groups were 129 (6.5) days and 127.3 (6.3) days, respectively (survival analysis: log-rank χ 2 =0.45, p=0.500, power=50%).
The 18 subjects who dropped out of the MMT group over the 24 weeks included 13 (72.2%) males and had a mean age of 41.4 (7.1) years. The 17 subjects who dropped out of the MMT+CM group included 13 (76.5%) males who had a mean age of 37.5 (9.0) years. Backward stepwise logistic regression analysis including all of the demographic and clinical variables listed in Table 1 found no statistical differences in any of these variables between the drop-out subjects in the two groups.
Compliance as assessed by urine-test results
During the first 12 weeks the mean longest drugfree interval in the MMT and MMT+CM groups were 6.5 (3.9) weeks versus 7.4 (4.4) weeks, respectively (t=1.51, p=0.148, power=68%). Assuming that the urine tests at week 16, week 20 and week 24 represent the druguse status of the individual in the prior four weeks, the mean longest drug-free interval in the MMT and MMT+CM groups after 24 weeks of treatment were 13.0 (8.1) weeks versus 15.4 (8.1) weeks, respectively (t=1.86, p=0.064; power=79%) Based on the intention-to-treat analysis which considers missing urine tests positive, the mean number of negative urine samples during the first 12 weeks of treatment (conducted at the end of each of the 12 weeks) was 7.6 (3.6) in the MMT group and 7.9 (4.2) in the MMT+CM group (t=0.44, p=0.658, power=93%). After 24 weeks of treatment the mean number of negative urine tests (out of a total of 15 urine tests) was 9.6 (4.5) in the MMT group and 9.2 (5.5) in the MMT+CM group (t=0.55, p=0.585, power=57%). Table 2 shows the results for the four administrations of the ASI. The ASI was not assessed in individuals who dropped out of the program so the analysis is based on the results of subjects who remained in the program at each time period. The number of days using heroin in the last month, as reported by the subjects themselves, decreased dramatically over the 24 weeks of treatment. Six of the seven composite dimension score (excluding the alcohol use dimension score) also decreased significantly over the 24 weeks. However, none of these measures showed a main effect for the treatment group or an interaction effect between time and treatment group, so there is no evidence of any difference in these measures between the MMT group and MMT+CM group. 
Severity of addiction
Major findings
This is the first prospective randomized control trial in China to assess the effectiveness of Contingency Management as an adjunctive treatment for Methadone Maintenance Treatment in individuals addicted to heroin. The sample was relatively large, with 80 subjects in each group. Easily-assessed objective measures were MMT=Methadone Maintenance Treatment; CM=Contingency Management; SD=Standard Deviation; SE=Standard Error *160 subjects participated in the baseline evaluation (80 in each group); 151 subjects participated in the 4-week evaluation (75 in the MMT+CM group, 76 in the MMT group); 139 subjects participated in the 12-week evaluation (70 in the MMT+CM group and 69 in the MMT group); and 125 subjects participated in the 24-week evaluation (63 in the MMT+CM group and 62 in the MMT group). ** Self-report of heroin use in 30 days prior to interview is one item in the 'Drug problem' dimension employed as the target outcomes: retention in the MMT program and number of drug-negative weekly urine tests. Rigorous intention-to-treat analysis was employed to compare urine test results between the two groups, assuming all no-shows were positive tests.
The original hypothesis-that a 12-week program of adjunctive CM would improve retention and compliance to MMT-was not confirmed. The 12-week program retention for the intervention (MMT+CM) and treatment-as-usual (MMT) groups were both quite high: 87.5% and 86.2%, respectively. The average duration of methadone use in the two groups over the 12 weeks were equal (70 days versus 71 days, respectively). The mean longest drug-free period in the 12 weeks was slightly, but not significantly, longer in the intervention group (7.4 weeks versus 6.5 weeks). And the mean number of weekly negative urine tests was slightly, but not significantly, higher in the intervention group (7.9 versus 7.6). Secondary analysis of the 24-week outcomes (12 weeks after termination of the CM intervention) also found no significant differences between the groups. Among those who remained in the program the severity of addiction, as assessed by the Addiction Severity Index, decreased dramatically over the 24 weeks but, again, there were no significant differences in the addiction severity measures between those in the intervention group and those in the treatment-as-usual group.
In sum, this rigorous assessment did not find any benefit of the CM technique employed (the goldfish bowl ballot method) in this sample of heroin addicts treated at three MMT centers in Shanghai.
Limitations
The sample size for the study was predicated on an estimated 12-week retention rate in the MMT programs in Shanghai of 40% and an estimated 30% improvement in retention with adjunctive CM treatment. The actual 12-week retention rate in the treatment-as-usual MMT group was 86%, so the sample size, though relatively large for this type of study, was too small to demonstrate a differences between the groups. Moreover, given this level of retention in the treatment-as-usual group, a 30% improvement is theoretically impossible. Thus the power of some of the analyses was relatively weak and it is possible that the negative results were due to Type II errors. However, the power for the primary analyses were all above 50% (that for the number of negative urine tests was over 90%) and there was no strong trend in the results that suggested that a 'real' difference was been obscured by the small sample size. Thus, despite the technically insufficient sample size, the weight of the evidence suggests that given the underlying high rates of MMT program compliance in this setting the CM intervention is not intensive enough to significantly improve on this already quite good level of retention.
The unexpectedly high retention rates of the clients at these three MMT clinics in Shanghai suggests that clients at these clinics may not be representative of heroin users at clinics in other parts of the country. The results could be quite different in centers where there was a much lower underlying rate of retention.
Shanghai is the richest city in the country so the small financial incentives employed may have been insufficient to motivate behavioral change in these subjects. The average total award of 527 Chinese Yuan ($83.60) in the 12-week treatment period is only equal to 4.5% of the average per capita three-month income in Shanghai.
Many of the patients who relapsed were remanded to compulsory inpatient drug treatment programs so they dropped out of the voluntary outpatient MMT clinic program. After incarceration these patients were not longer available to complete the Abuse Severity Index so subsequent severity data points were missing. (Using the severity measures at the last assessment prior to the relapse to impute subsequent values-the 'last observed value carried forward' (LOCF) method-would not accurately reflect the condition of the subjects so it was not used.) Thus, the ASI severity measures do not include data on those who had severe relapses so it underestimates the true severity of the abuse in the subjects. Since the number of dropouts increased over the four assessment periods (baseline, four weeks, 12 weeks and 24 weeks) it is possible that some of the reported improvement in the severity measures of abuse over time are cause by the removal of the most severely affected individuals. However the overall proportion of relapses was relatively small (under 15%), the proportions of relapses in the two groups was similar, and there were no differences in the characteristics of individuals who relapsed in the two groups. It therefore seems unlikely that the dropouts lead to biased results.
Implications
We believe the main reasons our study failed to replicate western studies that have demonstrated the efficacy of CM as an adjunctive treatment for MMT [7] [8] [9] were the very high baseline retention rates at the three MMT clinics chosen (thus producing a 'ceiling effect') and the relatively weak incentives provided by the goldfish bowl ballot method employed. One external factor that may have temporarily increased MMT clinic retention rates in Shanghai was that the study was conducted during the 2010 Shanghai World Exposition. During the exposition the Shanghai public security department was much more diligent than usual in combating drug abuse and drug trafficking. Another factor that could have increased baseline compliance is that the effectiveness of anti-drug social workers in Shanghai has been gradually improving [17] and the community management of all the subjects in the study was being supervised by this cadre of experienced social workers.
Previous work has shown that the long-term effectiveness of CM programs is closely related to the degree of the incentive provided [18] , and that welldesigned programs can provide incentives that both encourage participants to stop the drug-taking behavior (to get the award) and simultaneously reinforce the alternative behaviors needed to resist drug abuse in the future [19] . In retrospect it is clear that the goldfish bowl ballot program used in our study achieved neither of these objectives. Almost all clients simply used the funds to pay for the MMT rather than trade the vouchers for daily necessities or other rewards, and staff members encouraged this use of the rewards because it was much easier to administer this way. The financial incentive was minimal and there was no real attempt to use this incentive to change the lifestyle problems that were sustaining the drug-taking behavior.
The most important take-home message from the study is that CM programs are context sensitive. They are unlikely to be effective in situations where compliance with MMT is already very high or when the incentive provided is of relatively little value to the participants. At each potential target site a careful preliminary situational analysis is needed to determine the potential effectiveness of an adjunctive CM program and to identify the types of incentives (prizes) that will effectively encourage behavioral change in the target participants.
